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ABSTRACT

Thermography inspection is an optic based technology that can reduce the time

and cost required to inspect propellant tanks or aero structures fabricated from

composite materials. Usually areas identified as suspect in the thermography

inspection are examined with ultrasonic methods to better define depth, orientation

and the nature of the anomaly. This combination of nondestructive evaluation

techniques results in a rapid and comprehensive inspection of composite structures.

Examples of application of this inspection philosophy to prototype will be presented.

Methods organizing the inspection and evaluating the results will be considered.

INSPECTION IN SUPPORT OF A PROTOTYPE SHOP

Nondestructive inspection can be a powerful tool in the development of methods

to manufacture composite parts. The verification of the quality of parts, before

structural testing, can lead to selection of the best and most cost effective methods of

manufacture. Prototypes ot_en push the capability of manufacturing, design, analysis,

and materials such that a small inherent defect can drastically alter the outcome of a

project. Frequently the cost of inspection can be recovered by ensuring efficient

manufacture of production parts.



Inspectionof newdesignsensuresthatcomponentsaremanufacturedasdesigned.
Thisbaseline inspectionmayin theeventof componentfailureduringprototypetests
rule outmanufacturingdefectsasthecauseof failures.Withoutthe initial inspection,
manufacturingis usuallyaprimesuspectin thefailure. Soeffortscanbeconcentrated
on improvingtheengineeringanalysisanddesignof thecomponent.

INDUSTRYSTANDARDINSPECTION

Ultrasonicmethodsaremostcommonlyusedto inspectcompositestructures.
However,ultrasonicinspectioncanbeexpensiveandlaborintensiveespeciallywith
limitedrunparts. Theprogrammingof automatedinspectionequipmentfor aone-
timejob canbevery inefficient. Also,tooling for automatedsystemsis costlyand
mayrequiresubmersionin waterorat leastcontactwithwater. If inspectedby hand
usingA-scanmethods,extensivehighlyskilledlaborisrequiredandahigh
probabilityof missingdefectsis likely duetohumanerror.

Radiographyis alsocommonlyusedto inspectaerospacecomposites.Because
mostpolymercompositesarealmosttransparentto X-rays;radiographyoftenwill not
detectdefectivematerialunlesstheX-raybeamis alignedparallelwith anycrack-like
defect. Delaminationsusuallyareparallelwith theoutersurfaceandalignmentof the
beamparallelto thedelaminationmaybedifficult of requiremanyshots.X-ray
opaquepenetrantsmaybeusedto enhancethedetectabilityof damagethatis opento
theoutsideof thepartbut thesepenetrantsmaybecausticanddamagethepartor
contaminatethepart. Manycommonforeignmaterials,i.e.baggingfilm, release
cloth,papertape,andbagsealingmaterial,thatmaybeaccidentallyincludedin the
partmayhavesimilardensitytothepartandhencewill beundetectablewith
radiography.

EFFICIENTINSPECTIONOFPROTOTYPESTRUCTURES

Relativelyrapid inspectionof compositecomponentscanusuallybeaccomplished
usingthermographyinspectionfor screeningandultrasonicsto verify theconditionof
anomalies.Flashthermographycanperforminspectionwith singlesidedaccessto the
partusingahandheldinspectionheadasseenin Figure1. Theinspectionhead
containsasetof high intensityflashlampsandahighsensitivityvideoinfrared
camera.Theflashlampsaresimilarto lampsusedinportraitphotography.Theflash
is startedandtimedacquisitionof thermographyimagesareperformedby acomputer.
Theinfraredcameradetectsthetemperaturechangeonthesurfaceastheheatinput
from theflashlampsflowsinto thepart. Theinfraredcameraiscapableof detecting
temperaturechangesof lessthan0.02degreesCelsius.Areasof different
microstructurewill conductheatdifferentlyandshowupasgrayor colorscale
variations. Imagemanipulationandenhancementusingimageprocessingmakes
identificationof anomaliesquickanddeterministic.Fortheinspectionheadshown,
anareaeleveninchesby eleveninchesis inspectedatatime.

Usingagrid andmultiple flashthermographyinterrogationstheentire
structurecanbe inspected.Figure2 showsthegridusedto inspecta72-inchdiameter
graphiteepoxyprototypetank. At thenodesin thegrid asmallsquareof reflective
tapeis placedon thestructure.Thistapeis visibleto theinfraredcameraandallows
correctplacementof theinspectionheadwithin thegrid. Thesefoils canalsobeused



to pinpointtheboundariesof a suspectregionby successivelymovingasetof
reflectivemarkerscloseto ananomalyandreinspectingtheareauntil theexact
locationcanbeidentifiedonthepart. A-scanultrasonicinspectioncanthenbeused
on theanomalyto furtherdeterminethemicrostructure.

FlashThermographicInspectionof CompositeTankHalf
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Figure 2. Image Map from Inspection Plan for 72 inch Diameter Composite Tank

%

#a

Figure 3 shows thermograms of regions of a manufacturing processing prototype tank

containing defects. The material was sectioned through the defects and microscopic

examination revealed the microstructure was as expected. Figure 4 is a thermogram

of a region containing slotted holes with machining damage. The system easily

identifies loose fibers or missing fibers. Delamination and microcracking due to

machining would be detected if present.
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Figure 3. Thermograms of defects in manufacturing prototype tank.

I Foil marker

I Missing fibers

Figure 4. Thermogram of machined area of graphite epoxy tank.

A good test for the depth of inspection when performing single sided

thermography inspection if defect standards are not available is to place a piece of

adhesive backed metal tape on the opposite side of the composite skin from the

imager. The size of the tape should be no larger than the critical flaw size. If the

inspection detects the metal tape then the inspection is adequate throughout the
thickness. Thicker composite parts may require heating one side of the part and

observing the opposite side. Figure 5 shows such a test being conducted on a



graphiteepoxyduct. A quartzlampis insertedinto theductandtheoutsidesurfaceis
observed.

Oneof thesecompositeductswasmanufacturedwith apieceof plasticfilm
embeddedin thelaminate,seeFig. 6. Markertapewasusedto mapthelocationof
thisdefecton thesurfaceof thepart. Alsomostthermographyinspectionsottware
packageshaveafeaturethatwill allowrapidandconvenientsizingof anomalies.

SUMMARY

Thermographywith assistancefrom limitedultrasonicinspectionis apowerful
andefficientway to inspectprototypecomponents.Becauseprototypesareusually
theonly copy,manualmanipulationismorecosteffectivethanautomatingthe
placementof theinspectionhead.However,theinspectionheadcanbemountedona
robotarmfor completeinspectionautomationif thequantityof componentsmakesit
practical.Powerfulsoftware,cameras,andcomputersmaketheinspectionspractical
andefficient. Thermographysystemscandetectmostdefectsthatresultfrom
manufacturingerrors,handling,oruse

Quartz Lamp ]

Figure 5. Inspection of Graphite Epoxy Duct
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Metallic Tape, for markers

Figure 6. Thermogram of composite duct with embedded foreign material, plastic tape.


